Diazepam 0.05-0.25 mg/kg increased the dose of lignocaine required to cause seizures in Rhesus monkeys by 24-34%. Spontaneous ventilation was maintained adequately during lignocaine administration following diazepam treatment and no adverse cardiovascular effects occurred. Before the onset of lignocaine-induced seizures in non-treated animakj the unimals appeared to be drowsy. However, prior administration of diazepam masked this effect. Convulsions were controlled by smaller doses of diazepam in non-treated animals than in diazepam-treated animak Also, the animals that were pretreated with diazepam had a greater duration of depression after seizure.
The effectiveness of diazepam in terminating seizures induced by local anaesthetic agents has been reported in both animals (Feinstein, Lenard and Mathias, 1970; de Jong and Heavner, 1971,1974; Munson and Wagman, 1972; Munson et al., 1975) and man (Munson, 1973) . The administration of diazepam to animals before a rapid i.v. injection of lignocaine has been shown by de Jong and Heavner (1971, 1974) to increase the dose required to produce seizure activity. It is a common clinical belief that diazepam given before large doses of local anaesthetic agents may offer protection against the inadvertent, rapid intravascular injection of a local anaesthetic, although there is no information about its effect during relatively slow increases in the blood concentration of local anaesthetic agents. The effect of diazepam on the concentrations at which local anaesthetic seizures occur has not been studied. The prophylactic use of diazepam in modifying the systemic toxicity of local anaesthetic agents might be deleterious if its anticonvulsant action masks the prodromal signs of toxicity, or if recovery is prolonged. The combined effect of a potentially toxic dose of local anaesthetic agent plus that of diazepam on cardiorespiratory function is unknown also.
We have measured the arterial plasma concentrations of lignocaine at which seizures occur following constant-rate infusion of the drug in Rhesus The research described in this report involved animals maintained in animal care facilities fully accredited by the American Association for the Accreditation of Laboratory Animal Care. monkeys treated with diazepam. The effects of this treatment on the behavioural responses, cardiorespiratory function and acid-base state were evaluated before, during and after the administration of lignocaine.
METHOD
Thirty-two experiments were performed on six Macaca mulatto, (weight 4.1-5.6 (mean 5.1) kg). Each animal was placed supine in a restraining chair without medication. Lignocaine was infused at a constant rate to groups of five or six animals, both with and without prior treatment with diazepam. Diazepam treatment was given in a random manner and all experiments in the same animal were separated by intervals of at least 8 days.
Following control measurements, four diazepam treatments (0.1 or 0.25 mg/kg i.m. 45 min before lignocaine infusion; 0.05 or 0.10 mg/kg i.v. 1.5 min before lignocaine infusion) were conducted. On completion of the diazepam studies, the lignocaine seizure dose was reassessed without diazepam treatment.
In each animal, a cannula was inserted percutaneously into a superficial limb vein for the continuous infusion of a glucose and balancedelectrolyte solution. Lignocaine was administered i.v. by an infusion pump, at a rate of 4 mg/kg/min, until electrical seizure activity began. The seizure dose was expressed as mg/kg body weight. At the onset of seizure activity the lignocaine infusion was stopped. After 5 min of seizure activity, diazepam 0.05 or 0.1 mg/kg was administered i.v., and this was repeated at 1 -min intervals until electrical seizure activity ceased. Bipolar scalp electrodes placed bilaterally over the sensory motor cortex recorded electrical brain activity. A single-lead e.c.g. recorded cardiac rate and rhythm. A pneumograph, consisting of expandable rubber tubing placed over the thorax and abdomen, recorded the rate of ventilation. In both the control and i.v. diazepam 0.1 mg/kg experiments, a cannula was inserted into the saphenous artery, under dilute procaine local anaesthesia (Munson, 1974) for the continuous recording of arterial pressure and the withdrawal of blood for measurement of lignocaine concentration, gas tensions, and pH, before, during and after the lignocaine infusion. Oxygen (5 litre/min) was delivered to a transparent hood which covered the animal's head. The inspired oxygen fraction (Flo,) was greater than 0.75. Pa^ P&ca, an< i pH were measured with a Radiometer (BMS 3) blood-gas analyser. The acid-base state was calculated using the method of Siggaard-Andersen (1963) as modified by Severinghaus (1971) . Arterial plasma lignocaine concentrations were measured* using a Varian 1700 gas chromatograph.
The lignocaine doses and blood concentration data were analysed using the analysis of variance. Student's t test was used to compare results between two groups when a significant F-ratio was determined. The effectiveness of diazepam in terminating seizure activity was tested using the binomial distribution, comparing the percentage of animals in which seizures were terminated with diazepam 0.1 mg/kg or less during control and experimental (diazepam treatment) conditions. The significance of differences between groups in respect of cardiorespiratory, blood-gas and acid-base changes were evaluated using Student's t test.
RESULTS

Behavioural and electrical changes
Lignocaine infusion produced a generalized increase in brain electrical activity in all experiments. Behavioural changes were similar to previous findings (Munson and Wagman, 1969) . The animals without diazepam treatment became drowsy and unresponsive to mild sensory stimuli just before the onset of seizure activity. The seizure pattern-a tonic phase followed by a donic phase with bursts of electrical activity interspersed with electrically silent periods-was not altered by diazepam treatment. However, while animals receiving prophylactic diazepam showed transient drowsiness without loss of consciousness, they appeared to be more sedated during the period before seizure compared with the control animals. This depression and loss of responsiveness tended to mask the early signs of lignocaine toxicity, usually characterized by sedation just before the onset of seizure activity.
When electrical seizure activity occurred, diazepam 0.1 mg/kg i.v., or less, was successful in terminating seizures in 10 of 11 control experiments. However, in diazepam-pretreated animals, this dose of diazepam was effective in only 13 of 24 experiments (P<0.01). In addition, animals receiving diazepam for both prophylaxis and therapy recovered more slowly than did those receiving diazepam after the onset of seizure activity.
Seizure dosage and threshold
The lignocaine seizure dose (mean + SD) in the absence of diazepam treatment was 22.5 + 4.4 mg/kg. Diazepam treatment with the four doses tested caused a significant (P<0.05) increase in the seizure dose (24-34%) compared with the control values (table I) 
Cardiorespiratory responses
No significant changes were observed in heart or respiratory rates in either the control or diazepam groups during lignocaine infusion (table II) . The mean arterial pressure increased in both groups during lignocaine administration; this was significant (P<0.05) in the diazepam group just before the seizure and at 1 min after the seizure.
Blood-gas and acid-base data
Before lignocaine and diazepam 0.1 mg/kg administration, a mild respiratory alkalosis was observed (Munson, Gillespie and Wagman, 1970) (table III) . Diazepam treatment resulted in a small but significant (P< 0.05) increase in Paoo, at the onset of lignocaineinduced seizure activity. The degree of metabolic acidosis in the diazepam-treated animals was less than in the control animals. Pa^ values in all the experiments ranged from 67 to 298 mm Hg.
DISCUSSION
Our findings show that pretreatment with diazepam caused an increase in the lignocaine seizure dose of (1971, 1974) who used bolus injections of lignocaine in cats and monkeys. These differences in lignocaine requirement may be explained by the method of drug administration and by the brief but profound hypotension that is known to accompany the rapid administration of lignocaine (de Jong and Heavner, 1973) . In contrast, during constant-rate administration of lignocaine, we observed a small but consistent and significant increase in arterial pressure. It is believed commonly that the prophylactic use of diazepam is desirable when large doses of local anaesthetic agents are employed. Although this increases the threshold for local anaesthetic seizures, thereby reducing the frequency of toxicity, the usual prodromal signs of impending central nervous system depression, usually present during the constant-rate infusion of lignocaine, are masked by the prior administration of diazepam. When seizures 
